Electromagnetically Induced Transparency (EIT) is a widely-used quantum interference effect to control absorption and dispersion properties of a medium [1] . Enclosing an EIT medium in an optical cavity offers an enhanced interaction of the medium with well-defined spatio-temporal modes of the electromagnetic field. This scenario can be exploited to realize high-efficiency quantum memories [2, 3] , as well as to enhance the "giant" non-linearities associated with EIT [4], and potentiaIIy produce spectacular non-linear effects at the few photon level [5] .
Here, we report on the first observation of cavity EIT with ion Coulomb crystals ( 40 Ca+ ions) enclosed in a moderately high-finesse linear cavity, in a novel configuration where both the probe and the control field are injected into the cavity [8] . The weak probe field (single photon level), and the more intense control field originate from the same laser and are both tuned to the same atomic transition (3 d 2 D3/z-4p 2 p 1/ 2 ), but with opposite circular polarizations to address separate Zeeman sub-states of the 3d 2 D3/ 2 1evel (pump: mJ=-1I2, probe:
In the collective strong coupling regime [6] , we observe the predicted symmetric triple-mode splitting of the cavity reflectivity spectrum for the probe, when the cavity and control fields are resonant with the atomic transition [8] . The central EIT feature reaches nearly perfect transparency, while at the same time having a width as low as a few tens of kHz. The width of the EIT window is much narrower than the bare cavity linewidth (�2.2
MHz) and two orders of magnitude smaller than observed in previous cavity EIT experiments with neutral atoms [9, 10] . The experimental observations are in excellent agreement with a simple theoretical model.
In addition, we make use of these narrow transparency windows to implement a variant of the four-level, cavity
EIT -blockade scheme of Ref. [5] , in which the transmission of the cavity probe field is coherently controlled by the injection into the cavity of another weak field, close to resonance with the 3d 2 D31 2 -4p 2 P3/ 2 transition. We
show that the EIT-enhanced nonlinear cross-phase modulation between the probe (866 nm) and switching (850 nm) photons can be large enough to switch the cavity containing the EIT medium out of resonance for the probe field, thereby blocking its transmission. These results are promising for performing nonlinear optics at low-light levels with the aim of realizing of single photon quantum gates [11] , single-photon transistors [12] or the observation of novel phase transitions for light [13] .
